MATERIAL AND METHODS
Vocalizations were recorded in situ with a Marantz Portable Recorder PMD222 coupled to a Sennheiser ME66 directional microphone. Whenever possible, the microphone was kept between 1 to 2 m of a calling male. Advertisement calls were digitalized at a sample rate of 44.100 Hz and sample size of 16 bits. The temporal parameters were measured directly from the waveform and frequency parameters were measured directly from the audiospectrogram (with window function Hann, amplitude logarithmic, window size 256 samples and overlap 99%). Sound analyses and graphs were made with Cornell Lab of Ornithology's Raven Pro 1.4 (Bioacoustics Research Program). Air temperature and relative humidity were taken in the field with a digital thermohygrometer Hanna MO800 (to the nearest of 0.1°C and 0.1% of relative air humidity).
Our parameters of interest in this study follow the descriptions of DUELLMAN & TRUEB (1994) and POMBAL & BASTOS (2003) . We measured the following parameters: 1) call duration (s); 2) call interval (s); 3) number of notes; 4) note duration (s); 5) note interval (s); 6) number of pulses per note; 7) interval between the peaks of pulses (s); 8) dominant frequency (Hz); 9) lower frequency recorded (Hz); 10) higher frequency recorded (Hz); 11) frequency modulation; 12) presence of harmonic structure; and 13) shape of the note. Data on quantitative variables are given as minimum -maximum (range ± standard deviation) and results are given based on interpopulational variation. The populations were discriminated in the tables, and were further compared in the discussion section.
We recorded specimens of Scinax littoreus from three different populations ( Fig. 1) as follows: Pedra de Itacoatiara (22°58'39.56"S, 43°01'39.93"W, 218 m a.s.l., SAD69) (population 1), Parque Estadual da Serra da Tiririca, municipality of Niterói, state of Rio de Janeiro, on 31 May 2012 where we obtained 78 calls from six different males. We also recorded 36 calls by two males from Praia do Peró (22°51'18.04"S, 41°59'20.81"W, 5 m a.s.l., SAD69) (population 2), in the municipality of Cabo Frio, state of Rio de Janeiro on 10 January 2013. Additionally, 17 calls of one male from a population of S. littoreus at Praia do Forno (22°45'53.09"S, 41°52'43.00"W, 16 m a.s.l., SAD69) (population 3), in the municipality of Búzios, state of Rio de Janeiro on 6 May 2012.
Additionally, we constructed a distribution map based on the examination of specimens collected in the field, in addition to vouchers deposited in the amphibian collection of the Museu Nacional, Universidade Federal do Rio de Janeiro (MNRJ) and Adolpho Lutz (AL-MN). After analysis, recordings and their vouchers were deposited in the amphibian collection of the Museu Nacional, Universidade Federal do Rio de Janeiro (MNVOC and MNRJ 
RESULTS

Field observations
Males from population 1 were recorded calling while perching near the middle section of the external leaves of the tank-bromeliad Alcantarea glaziouana (Leme) J.R. Grant (Fig.  2) . All plants were attached to exposed rock surfaces. On average, we observed groups of about 10 calling males near the recorded specimens. Males were distant about 1 to 5 m from one another. Prior to recording, the registered temperature was 18.0-19.8°C and relative air humidity 79.4-82.1%.
Males from population 2 were observed calling from the tips of axillary leaves of the ground tank-bromeliad Neoregelia cruenta (Graham) L.B. Smith on the border of shrubby vegetation in restinga habitat (Fig. 3) . We estimated approximately 35 calling males in the nearest 5-8 m, being the closest calling males placed around 1-2 m from recorded males. After recordings, air temperature was registered at 23.1-23.4°C and relative air humidity at 89-90.1%.
The specimen recorded from population 3 was on the tip of an external leaf of the tank-bromeliad Neoregelia cruenta. The plant was on flat ground at the border of semideciduous 43°0'00"W 42°0'00"W 41°0'00"W 40°0'00"W forest. While making recordings, we observed other six males calling in the vicinity (15 m around) and the closest calling male was 5 m from the recorded specimen. The registered temperature was 22.9°C and relative air humidity was 88%.
Vocal repertory description
We observed specimens of Scinax littoreus emitting two distinct types of calls, which we named call type A and call type B. Our field observations suggest that call type A corresponds to an advertisement call because this type of call was emitted mainly when fewer calling males where heard. Males emitted type B vocalization when there were higher numbers of calling males in the vicinity. Thus, we suggest that this type of call has either territorial or aggressive functions. The calls were emitted individually with type A 35.6%, call type B 5.5%, or combined 58.9% (Fig. 4) . When combined, call type B was emitted immediately after call type A, making call type A shorter than when emitted alone (Figs 5 and 6).
The advertisement call (or call type A) (Figs 7 and 8) of
Scinax littoreus lasted from 0.174-0.287 s (0.229 ± 0.087) with (when emitted alone) the interval between calls varying from 0.980-14.197 s (5.981 ± 2.762). It is composed of 2-5 multipulsed notes (3.6 ± 0.7), each note with 2-9 pulses (4.6 ± 1.3) and intervals between pulses peaks ranging from 0.004-0.024 s (0.009 ± 0.004). The note duration ranged from 0.118 to 0.348 s (0.218 ± 0.07) and intervals between notes 0.014-0.038 s (0.028 ± 0.006). The energy was concentrated in the beginning of the note, which gradually decreased giving an arrow-like shape to the note. The dominant frequency ranged from 4306.6-4651.2 Hz (4513.4 ± 109); lower frequency ranged from 2261.2-2756.2 Hz (2417.4 ± 175.76) and higher frequency varied from 5892.7-8122.3 Hz (6832.2 ± 291.29). Harmonic bands or frequency modulations were not observed. The repetition rate for calls was 48-67 calls per minute (58.4 ± 19.3). The sound produced in this type of call is reminiscent of those produced by a quick and short beat of a rattle.
The elapsed time of territorial or aggressive calls (call type B) (Figs 9 and 10) lasted from 0.220-0.349 s (0.279 ± 0.087) when emitted alone, while the interval between calls varied from 0.689-1.590 s (0.925 ± 0.199). This call type consists of a long series of 8-31 multipulsed notes (15.2 ± 9.1); note duration ranged from 0.016 to 0.058 s (0.022 ± 0.011). These notes had consistently higher amplitude at the beginning and end of the note. However, intervals between notes varied widely in this type of call, tending to be shorter in the beginning and in the end of the call. In the beginning of the call, intervals between notes ranged between 0.003-0.027 s (0.009 ± 0.004) and near the end of the call (i.e., last 5-8 notes), intervals decreased until the notes overlapped (around last 2-4 notes). Each note was composed of 2-4 pulses (3.1 ± 0.4); interval between pulses peaks varying from 0.001-0.004 s (0.002 ± 0.001). The dominant frequency varied from 4306.6-4478.9 Hz (4356.2 ± 87.2); lower frequency ranged from 2152.0-2846.0 Hz (2487.5 ± 182.9) and maximum frequency from 5292.0-5839.0 Hz (5441.2 ± 119.7); the structure of the call does not suggest the presence of harmonic bands or frequency modulation. To human hearing, this sound resembles the sound produced by the friction of two rough pieces of glass.
Geographic distribution
According our data, the distribution of Scinax littoreus is strongly associated with coastal and lagoon ecosystems such as restinga formations, lowland ombrophilous forests, and rocky seashores in the state of Rio de Janeiro. On a more local level, this species is associated with tank-bromeliads (A. glaziouana and N. cruenta). The southernmost record was at Saco de São Francisco, Municipality of Niterói. North of that, we made recordings from the Municipality of Maricá (typelocality), and Região dos Lagos (Municipalities of Iguaba Grande, Arraial do Cabo, Cabo Frio, and Búzios) to Macaé, the northernmost area of occurrence of this species (Fig. 1) , as far as we know. 
DISCUSSION
We did not observe a significant difference in call type A (advertisement calls) among our study populations, because all analyzed parameters are congruent within populations. Population 3 (Praia do Forno) exhibited few differences when compared with populations 1 (Pedra de Itacoatiara) and 2 (Praia do Peró), except for their lower number of notes per call and number of pulses per notes (Table I) . However, calls showed a very similar structure with any quantitative differences falling within the range of variation of the species. Most likely, it was caused by the lower number of calls analyzed for population 3 (Praia do Forno), or the social context of the recording. The interval between calls was the most variable parameter among populations. We observed that when males are calling alone, or with few active males, the interval between calls tends to be longer than when a large number of calling males are present, in which case the intervals between calls become shorter.
Our analysis suggests that call type B (aggressive/territorial) shows little variation among populations. Structurally, all calls analyzed have a similar pattern, which varied mainly in the number of emitted notes and interval between notes. Based on the observed social context of recorded males, we hypothesized that resident calling males might increase the number of notes of call type B in the presence of a higher abundance of active males in the vicinity (i.e. nearest five meters approximately). To further reinforce this hypothesis, the frequency of emission of type B calls or a combination of type A + B calls also increased under this condition. Additionally, we observed antiphonic interactions sequence without overlapping. The interactions lasted around 1-2 minutes. Below, we examine the advertisement (or type A here) and territorial/aggressive (or type B here) calls of Scinax perpusillus group comparing the main variables described among them (see Table I ). However, unbalanced approaches and the different methods used by authors in the description of vocal repertories of species belonging to the S. perpusillus group may hinder our comparisons (see legend in Table I ).
The analysis of advertisement calls of S. littoreus does not suggest that frequencies are structured in harmonic bands, which can be shared with other described advertisement calls for the group (e.g., S. arduous, S. belloni, and S. perpusilus). The numbers of pulses per note found in the advertisement calls of S. littoreus are consistent with the numbers reported for S. arduous, S. peixotoi, and S. perpusillus. Notwithstanding, the duration of the call of S. littoreus is similar to that of S. arduous and S. peixotoi. Additionally, the numbers of notes per call seem more like the pattern observed for S. arduous, S. belloni, S. peixotoi, and S. perpusillus. All species belonging to this group present a similar interval between notes, except for S. peixotoi, which exhibits an interval between notes longer than the entire advertisement call (BRASILEIRO et al. 2007 ) and, presumably, the authors referred to the interval between calls. Finally, the dominant frequency spectrum reached by S. littoreus resembles those of S. insperatus and S. perpusillus. Therefore, our results indicate that the advertisement call of S. littoreus, in turn, resembles the calls described for S. arduous, S. peixotoi, and S. perpusillus, which includes numbers of notes per call, numbers of pulses per note, and call duration. Moreover, the advertisement call of S. cosenzai was the most divergent, considering the same aforementioned variables (for references and comparisons, see Table I ).
Regarding territorial calls, our comparisons are limited, since this type of call had been previously described for only two species of the group: Scinax arduous and S. perpusillus (POMBAL & BASTOS 2003) . We compared our data on territorial (or aggressive) call and concluded that duration of territorial calls of S. littoreus is intermediate between S. arduous and S. perpusillus. Observing the number of notes per call, S. arduous and S. perpusillus emitted fewer notes than S. littoreus. The number of pulses per note is more similar to S. perpusillus, while S. arduous emitted a greater number of pulses. Finally, regarding frequencies, the frequency band of S. arduous and S. perpusillus was lower than the frequency band of S. littoreus (for references and comparisons, see Table II ).
The use of behavioral traits in phylogenies has increased, and the usefulness of acoustic characters has been emphasized by many authors in the last two decades (e.g., DE QUEIROZ & WEMBERGER 1993 , GOICOCHEA et al. 2010 . In general, advertisement calls of species belonging to the S. perpusillus group have a multipulsed structure (HEYER et al. 1990 , BRASILEIRO et al. 2007 , POMBAL & BASTOS 2003 , PERES & SIMON 2011 , LACERDA et al. 2012 , SILVA & ALVES-SILVA 2011 . However, according to POMBAL et al. (1995b) , the multipulsed structure is a widespread condition in all species of Scinax and therefore could be uninformative within the genus in a phylogenetic context.
Even though other types of calls (e.g., territorial/aggressive) may not be suitable for sexual recognition, they may be an important character for phylogenetic purposes (POMBAL & BASTOS 2003) . Furthermore, POMBAL & BASTOS (2003) affirmed that the territorial call of Scinax catharinae group is multipulsed, as in the S. perpusillus species group, and remarkably different from the S. ruber species group, which is shorter, modulated, and has a harmonic structure (POMBAL 1995a) . This is in accordance with the suggestion of FAIVOVICH et al. (2002) that the S. perpusillus species group is the sister clade to the S. catharinae group. For the reasons explained above, we suggest that descriptions contained in this work must be considered in future studies dealing with phylogenetics of the genus Scinax. Also, we strongly encourage future studies of S. perpusillus group to describe in detail the territorial/aggressive calls as well as standardize descriptions in order to favor future comparisons.
Geographic distribution and conservation remarks
During the past few decades, restinga and coastal environments have been extensively deforested due to sprawl (ROCHA et al. 2007 ), which may be impacting Scinax littoreus because this species seems to be restricted to this type of habitat. Nevertheless, PEIXOTO & CARVALHO-E-SILVA (2004) pointed out that this species is categorized as "least concern" (LC) according to the IUCN criteria. Despite the occurrence of this species in a few protected areas (Parque Estadual da Serra da Tiririca -ALVES-SILVA & SILVA 2009; Núcleo Experimental Iguaba Grande -MARTINS et al. 2012 ; Parque Estadual da Costa do Sol -unpublished data), the specificity of habitat choice by this species (tank-bromeliads) and the recent increase of infrastructure developments in its area of occurrence suggests that a more careful evaluation of its conservation status is warranted. 
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